ABSTRACT Possible connections between carpal tunnel syndrome (CTS) and exposure to vibrating handheld tools, repetitive wrist movements, and heavy manual work were examined in a case-referent study. For each case, two referents were drawn from among other surgical cases (hospital referents) and two further referents from the general population register and the telephone directory, respectively (population referents). All referents were matched for sex (only men were included), age (± 3 years), and the hospital referents also for year of operation (±3 years).
An analysis of symptoms among patients examined at the Southern Hospital (Sodersjukhuset) in Stockholm between 1974 and 1980 because of suspected vibration injury showed that 10 of 126 patients (7%) had disturbed function of the median nerve distal to the wrist typical of carpal tunnel syndrome (CTS).' This observation initiated a case-referent study to examine possible connections between CTS and exposure to vibrating tools, repetitive wrist movements, and heavy manual work. The influence of other factors which could possibly induce CTS such as obesity, rheumatoid arthritis, and some endocrine disorders were also studied.
Material and methods
The cases were men aged 20-66 who were operated on for CTS by division of the carpal ligament at the Sabbatsberg Hospital during . CTS was diagnosed clinically by a hand surgeon, and the diagnosis was confirmed electroneurographically by measure-*Present address: Department of Occupational Medicine, Akademiska sjukhuset, S-751 85 Uppsala, Sweden. Accepted 18 January 1988 43 ment of the conduction velocities in the median nerve at the wrist level. Patients on whom the transverse carpal ligament was divided because ofpost-traumatic nerve compression were excluded from the study. The remaining 38 patients constituted the cases in this study.
For each case, two referents were drawn from among other surgical cases (hospital referents) and two further referents from the general population register and the telephone directory, respectively (population referents). All referents were matched for sex (only men were included), age (± 3 years), and the hospital referents also for year of operation (±3 years).
The hospital referents were collected from the medical register at the Southern Hospital Chi-squared statistics were used to calculate two sided p values for the differences between cases and referents, odds ratios, and 95% confidence intervals of the odds ratios. The Mantel-Haenszel procedure was used to calculate the total odds ratio and stratification was used to calculate odds ratios for multiple categories. 3 The study was examined and approved by the ethical committee of the Southern Medical Services District in the County of Stockholm.
Results
There was a significantly higher proportion of subjects with occupational exposure to handheld vibrating tools and repetitive movements of the wrist among the cases than among the referents (table 1). For both types of exposure, the odds ratios tended to increase with increasing exposure time. The proportion of subjects with work causing a great load on the wrist, however, did not differ significantly between cases and referents, although the odds ratios did tend to increase with increasing period of exposure.
Wieslander, Norback, C-J Gothe, Juhlin The odds ratios for diabetes mellitus, thyroid, and rheumatoid diseases were, throughout, numerically larger than 1, but the numbers were too small to permit statistical analysis of the separate diseases (table 2) . The proportion of subjects with at least one of these diseases, however, was significantly higher among the cases than among the referents. The frequency of obese individuals and current smokers did not differ significantly between cases and referents.
The proportion of persons with obesity and occupational exposure to both handheld vibrating tools, repetitive movements of the wrist, and a great load on the wrist was significantly higher among the hospital than among the population referents (table 3) . There were, however, no significant differences between the two referent groups for smoking habits or occurrence of diabetes mellitus, thyroid disease, or rheumatoid arthritis.
As may be seen in table 4, the proportion of office workers was lowest among the cases (12%) and highest among the population referents (46%). The unequal distribution of the total material is significant (p < 0 005) as are the differences between cases and population referents (p < 0.001) and hospital and population referents (p < 0-005). The difference between cases and hospital referents, however, is nonsignificant (p > 0 10).
There were significant differences ( pregnancy or in the puerperium.61 Rheumatoid arthritis,89 obesity,'" and endocrine disorders such as diabetes mellitus" 12 and thyroid disease'3 have been reported to increase the incidence of CTS.
In the present study an increased prevalence of obesity, rheumatoid disease, diabetes, or thyroid disease was found among the cases with CTS. Most, however, did not suffer from any of these disorders, indicating that they are of minor importance in this connection. In vibration exposed groups smoking or taking snuff are linked to an increased risk of developing traumatic vasospastic disease,'4 but the results do not indicate that exposure to nicotine is related to CTS in a similar way.
There is an association between exposure to handheld vibrating tools and the occurrence of CTS,5 '9'8 and a connection between CTS and repetitive hand movements has also been observed in, for example, cleaning workers'9 and butchers.'0 Work with deviated wrists and pinched hand positions is associated with CTS in women with sewing jobs,4 and positive associations between cumulative trauma disorders (CTS being one of the diagnoses included in this condition) and high force-high repetitive manual jobs have been observed.20 In a postmortem study histological changes were observed, especially in the most frequently flexed and extended wrist area, suggesting a connection between CTS and repeated exertions with flexed or extended wrists.2' The results presented here confirm that exposure to handheld vibrating tools, work causing repetitive movements of the wrist, and possibly also work causing heavy load on the wrist are of importance for the development of CTS. These exposures are often related to each other making it difficult to examine the separate effects in a study such as this. CTS, however, seems to be more closely related to exposure to vibrations from handheld tools and to repetitive wrist movements than to heavy loads on the wrist.
Case-referent studies are sensitive to selection bias causing both false negative and false positive results, 22 Wieslander, Norback, C-J Gothe, Juhlin but the significance of occupational factors for CTS was seldom taken into consideration during the 1970s, making it unlikely that the cases, which were operated on between 1975 and 1980 were subject to any significant selection bias. Nevertheless, the observed differences between hospital and population referents indicate that a case-referent study of this type could be biased by the inappropriate selection of referents.
Exposure to handheld vibrating tools, and probably also to repetitive movements in the wrist, is more common in blue collar than in white collar professions. Blue collar workers tend to accumulate in inpatient groups as compared with white collar workers,23 and the differences between cases and referents for such exposures tend to be smaller when the referents are collected from inpatients than when they are collected from the total population. Norell 
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